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TDDB TEST PATTERN AND METHOD FOR TESTING TDDB OF MOS 

CAPACITOR DIELECTRIC 

BACKGROUND OF THE INVENTION 

£ 

I FIELD OF THE INVENTION 

[000 1] The present invention relates to a TDDB (Time Dependent Dielectric 
Breakdown) test pattern circuit, and more particularly, to a TDDB test pattern 
circuit which can reduce a test time period and improve a precision of a 
measurement result statistically; and a method for testing TDDBs of MOS 
capacitor dielectric films using the same. 

BACKGROUND OF THE RELATED ART 

[0002] A related art TDDB test pattern and a method for testing TDDBs of 
MOS capacitor dielectric films using the same will be explained. Fig. 1 
illustrates a unit circuit showing a related art TDDB test pattern circuit, and 
Fig. 2 illustrates a graph showing an experimental data of TDDB of an MOS 
capacitor dielectric film measured using Fig. 1 . 
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[0003] Referring to Fig. 1, the related art TDDB test pattern circuit 
includes an MOS capacitor 1 having one electrode grounded and a voltage 
application electrode 2 for applying a constant voltage Vforce to the other 
electrode on the MOS capacitor 1. And, there is an ammeter 3 between the 
MOS capacitor 1 and the voltage application electrode 2 for measuring a 
current to the MOS capacitor 1 . 

[0004] A related art method for testing the TDDB test pattern circuit will 
be explained. One side of electrode of the MOS capacitor 1 is grounded, the 

O 

% other side of the electrode is applied of a constant stress voltage of Vforce, and 

: STs 

If? current to the MOS capacitor is measured through the ammeter 3. 
2 [0005] Fig. 2 illustrates an example of current to the MOS capacitor along 
L time measured according to the above method, wherein it can be seen that 
fU there is a sudden increase of the current time of 340 seconds from an 
P application of the voltage stress to the MOS capacitor 1 . This time period of 340 
seconds is the Tbd(Time to breakdown) of the MOS capacitor 1. In order to 
measure a Tbd of each MOS capacitor in N unit test pattern cells according to 
the test method of the related art TDDB test pattern circuit, a test for each of 
the N test pattern cells is required, i.e., N tests are required. And, if it is 
assumed that an average time period taken until an MOS capacitor dielectric 
film in a unit test pattern cell is Tavg, the total time required for measuring a 
Tbd of each MOS capacitor dielectric film in N unit test pattern cells is NxTavg. 
[0006] The related art TDDB test pattern circuit and a method for testing 
TDDBs of MOS capacitor dielectric films using the same has the following 
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problems. 

[0007] Significant time period is required for Tbd testing N number of unit 
test pattern cells, and the use of a testing equipment for a prolonged time 
period costs high. 

SUMMARY OF THE INVENTION 
[0008] Accordingly, the present invention is directed to a TDDB test 
pattern circuit and a method for testing TDDBs of MOS capacitor dielectric 
films using the same that substantially obviates one or more of the problems 
due to limitations and disadvantages of the related art. 

[0009] An object of the present invention is to provide a TDDB test pattern 
circuit and a method for testing TDDBs of MOS capacitor dielectric films using 
the same, which can shorten a time period required for a test as well as a time 
period for using a measuring equipment required for the test and reduce a 
measuring cost. 

[0010] Another object of the present invention is to provide a TDDB test 
pattern circuit and a method for testing TDDBs of MOS capacitor dielectric 
films using the same, which allows to obtain much more test data within the 
same time period, thereby improving a precision of a measuring result in view 
of statistics. 

[0011] Additional features and advantages of the invention will be set 
forth in the description which follows, and in part will be apparent from the 
description, or may be learned by practice of the invention. The objectives and 



# 



4 



Attorney D 




t No.: 0465-0879P 



other advantages of the invention will be realized and attained by the structure 
particularly pointed out in the written description and claims hereof as well as 
the appended drawings. 



purpose of the present invention, as embodied and broadly described, the 
TDDB test pattern circuit includes a plurality of unit test pattern cells each 
having an MOS capacitor, an MOS transistor, and a fuse for controlling 
operations of the MOS capacitor and the MOS transistor, a first voltage 
supplying unit for supplying a stress voltage to the MOS capacitor and the 
MOS transistor in each unit test pattern cell on the same time, an ammeter for 
continuous measurement of a total current from the plurality of unit test 
pattern cells, to measure a total time to breakdown of the plurality of unit test 
pattern cells, a plurality of VFN's(Voltage Forcing Nodes) each positioned 
between the first voltage supplying unit and the fuse in the unit test pattern 
cell, a DCMN(Drain Current Measuring Node) positioned between the ammeter 
and a drain terminal of the MOS transistor in each of the plurality of unit test 
pattern cells, and a second voltage supplying unit for applying a voltage to the 
drain terminal of the MOS transistor. 

[0013] In other aspect of the present invention, there is provided A 
method for testing TDDBs of MOS capacitor dielectric films using a TDDB test 
pattern circuit, including the steps of (1) applying a stress voltage to an input 
electrode on each of an MOS capacitor and an MOS transistor in each of a 
plurality of unit test pattern cells from a first voltage supplying unit, and 



[0012] 



To achieve these and other advantages and in accordance with the 
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applying a voltage to a drain electrode of the MOS transistor from a second 
voltage supplying unit, (2) measuring a total drain current from the MOS 
transistor in each of the plurality of unit test pattern cells, to which the stress 
voltage is applied, and (3) measuring a last change of the total drain current 
from the MOS transistor in the plurality of unit test pattern cells, to measure a 
maximum time to breakdown of a plurality of MOS capacitor dielectric films in 
the plurality of unit test pattern cells. 

[0014] It is to be understood that both the foregoing general description 
and the following detailed description are exemplary and explanatory and are 
intended to provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] The accompanying drawings, which are included to provide a 
further understanding of the invention and are incorporated in and constitute a 
part of this specification, illustrate embodiments of the invention and together 
with the description serve to explain the principles of the invention. 
[0016] FIG. 1 illustrates a unit circuit showing a related art TDDB test 
pattern circuit; 

[0017] FIG. 2 illustrates a graph showing an experimental data of TDDB 
of an MOS capacitor dielectric film measured using Fig. 1; 
[0018] FIG. 3 illustrates a unit circuit showing a TDDB test pattern circuit 
using a unit test pattern cell in accordance with a preferred embodiment of the 
present invention; 
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[0019] FIG. 4 illustrates a graph showing an experimental data of TDDB 
of an MOS capacitor dielectric film measured using Fig. 3; 
[0020] FIG. 5 illustrates an entire circuit showing a TDDB test pattern 
circuit of the present invention; 

[0021] FIG. 6 illustrates a graph showing an experimental data of TDDB 
of an MOS capacitor dielectric film measured using Fig. 5; 
[0022] FIG. 7 illustrates a section showing a TDDB test pattern circuit in 
accordance with a first preferred embodiment of the present invention; and, 
[0023] FIG. 8 illustrates a section showing a TDDB test pattern circuit in 
accordance with a second preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0024] Reference will now be made in detail to the preferred embodiments 
of the present invention, examples of which are illustrated in the accompanying 
drawings. Fig. 3 illustrates a unit circuit showing a TDDB test pattern circuit 
in accordance with a preferred embodiment of the present invention, Fig. 4 
illustrates a graph showing an experimental data of TDDB of an MOS capacitor 
dielectric film measured using Fig. 3, Fig. 5 illustrates an entire circuit showing 
a TDDB test pattern circuit of the present invention, and Fig. 6 illustrates a 
graph showing an experimental data of TDDB of an MOS capacitor dielectric 
film measured using Fig. 5. 

[0025] Referring to Fig. 3, the unit circuit showing a TDDB test pattern 
circuit of the present invention includes a unit test pattern cell 10, a constant 
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voltage applying electrode 14 for applying a constant voltage to the unit test 
pattern cell 10, an ammeter 15 for measuring a current to the unit test pattern 
cell 10, and a drain voltage applying electrode 16 for applying a voltage to the 
unit test pattern cell 10. The unit test pattern cell 10 includes a MOS capacitor 

11 and a MOS transistor 12 operates in response to the voltage from the 
constant voltage applying electrode 14, and a fuse 13 for controlling operation 
of the MOS capacitor 11 and the MOS transistor 12 if an excessive current 
flows from the constant voltage applying electrode 14. The MOS capacitor has 
two electrodes and a dielectric film formed between the two electrodes. The 
fuse 13 may be a metal line having a width smaller than a wiring metal line for 
providing a resistance higher than the wiring metal line. The MOS transistor 

12 has a gate oxide film, a gate electrode, and a source electrode and a drain 
electrode. 

[0026] Here, the constant voltage applying electrode 14, the current meter 
15, and the drain voltage applying electrode 16 are components contained in a 
measuring equipment for the test. There is a constant VFN (Voltage Forcing 
Node) between the constant voltage applying electrode 14 and the unit test 
pattern cell 10, and a DCMN(Drain Current Measuring Node) between the MOS 
transistor 12 and the ammeter 15. 

[0027] And, referring to Fig. 5, an overall circuit of a TDDB test pattern 
circuit, i.e., a main test pattern circuit includes N of unit test pattern cells 
connected in parallel between the constant voltage applying electrode 14 and 
the ammeter 15. That is, the VFN of each unit test pattern cell is connected to 
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the constant voltage applying electrode 14 and the DCMNs of unit test pattern 
cells are connected in parallel. And, like the TDDB test pattern of a unit test 
pattern cell in Fig. 3, the main test pattern includes only one of each, constant 
voltage applying electrode 14, ammeter 15 and drain voltage applying electrode 
16. In this instance, the ammeter 15 measures the sum of drain currents from 
the MOS transistor 12 in each unit test pattern circuit cell. 
[0028] The TDDB test pattern of the present invention having the 
foregoing circuit will be explained with reference to embodiments of the present 
invention. Fig. 7 shows a first embodiment where a voltage stress is applied to 
a dielectric film in an MOS capacitor 1 1 in an inversion mode. In this case, the 
type of the MOS transistor 12 is the same type as the MOS capacitor 1 1 . For 
example, as shown in Fig. 7, if the MOS capacitor 1 1 is an NMOS type, the 
MOS transistor 12 is also NMOS. And, when the voltage stress is to be applied 
in the inversion mode, additional source and drain is formed in the MOS 
capacitor 11. 

[0029] Fig. 8 shows a second embodiment where the voltage stress is 
applied to a dielectric film in an MOS capacitor 1 1 in an accumulation mode. In 
this case, the type of the MOS transistor 12 should be that opposite to that of 
the MOS capacitor 11. For example, as shown in Fig. 8, if the MOS capacitor 
11 is an NMOS type, the MOS transistor 12 should be PMOS transistor. 
[0030] Also, as shown in Figs. 7 and 8, the main test pattern includes 
four input/ output pads including a substrate pad (not shown) for connecting 
the MOS capacitor 1 1 and a bulk electrode of the MOS transistor 12 in each 
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unit test pattern cell, a source padl 17 for connecting source electrodes of the 
MOS transistors 12, a VFN pad 18 for connecting VFNs of unit test cells, and a 
DCMN pad 19 for connecting the DCMN connected to the drain electrode of the 
MOS transistor 12 in each unit test pattern cell. In the accumulation mode, 
two more pads are provided to be connected to the source and the drain of the 
MOS capacitor because types of the MOS capacitor and the MOS transistor are 
opposite, for a total of six input/ output pads the test pattern circuit. 
[0031] Test conditions for improved testing will be explained before 
explaining a method for testing a TDDB of a MOS capacitor dielectric film using 
the aforementioned TDDB test pattern circuits of the present invention. A first 
condition for improved testing using the TDDB test pattern circuits is to form 
the gate dielectric film of the MOS transistor 12 thicker than a thickness of a 
dielectric film of the MOS capacitor 11. The second condition to dope the gate 
electrode of the MOS transistor 12 lighter than the MOS capacitor 11. If the 
gate oxide film of the MOS transistor 12 is thicker than the dielectric film of the 
MOS capacitor 11, the gate oxide film of the MOS transistor 12 operates 
normally without being influenced from the voltage stress during a time period 
before the dielectric film in the MOS capacitor 1 1 breaks due to the voltage 
stress, because the Tbd is sensitive to the thickness of the dielectric film; a 
small increase of the thickness of the dielectric film increases the Tbd 
significantly under the same voltage stress condition. 

[0032] Also, the light doping of the gate electrode of the MOS transistor 1 2 
causes a voltage significantly lower than the Vforce to be applied to the gate 
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oxide film due to depletion of the gate electrode. In this instance, because the 
voltage stress is low, the Tbd of the MOS transistor 12 is increased significantly 
even if the thicknesses of the dielectric film of the MOS capacitor 1 1 and the 
gate oxide film of the MOS transistor are the same. Therefore, the MOS 
transistor 12 operates normally because the gate oxide film of the MOS 
transistor 12 has very little stress exerted thereon until a breakdown of the 
dielectric film in the MOS capacitor 1 1 occurs due to the voltage stress. 
[0033] Next, a method for testing a TDDB of a dielectric film in the MOS 
capacitor 1 1 using the TDDB test pattern circuit will be explained. 
[0034] Referring to Fig. 8, a constant voltage Wee is applied to the MOS 
capacitor 1 1 and the MOS transistor 12 in the unit test pattern cell 10 from the 
constant voltage applying electrode 14. In this instance, there is a leakage 
current flowing through the dielectric film of the MOS capacitor 1 1 and the gate 
oxide film of the MOS transistor 12. However, the ohmic voltage drop of the 
fuse 13 negligible, because the leakage current is very low. Thereafter, as 
explained before, the voltage stress causes a breakdown only on the dielectric 
film of the MOS capacitor for the testing time period causing a large current 
flowing through the fuse 13. (see Fig. 2). This current generates a Joule's heat 
against a resistance of the fuse 13, which breaks the fuse 13. Consequently, 
no more voltage stress Vf or ce is applied to the gate electrode of the MOS 
transistor 12. The dielectric film in the MOS capacitor 1 1 loses its capacitive 
characteristic after the breakdown, and a ground voltage is applied to the gate 
electrode of the MOS transistor 12 through the MOS capacitor 1 1 . Accordingly, 
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the MOS transistor 12 turns off and the current flowing to the drain electrode 
drops suddenly due to a voltage change(Vf 0r ce 3 0) at the gate. That is, the 
breakdown of the dielectric film of the MOS capacitor 1 1 is directiy measured 
as the drain current drop of the MOS transistor 12. In this instance, the 
voltage applied to the drain of the MOS transistor 12 may be in either a linear 
region or a saturation region, a low voltage is favored when taking a possibility 
of performance degradation of the MOS transistor 12 caused by a hot carrier 
effect and a reliability into account. 

[0035] As shown in Fig. 4, Tbd characteristics of such a unit test pattern 
cell exhibits a sudden drop of a drain current Id after a time period V when 
Vforce>0 is applied as the stress to the unit test pattern cell of the first 
embodiment, and when Vf Or ce<0 is applied as the stress to the unit test pattern 
cell of the second embodiment. The time period 't\ being a time period required 
for a change of the drain current(Id), is a Tbd(Time to breakdown) of the 
dielectric film in the MOS capacitor 11. 

[0036] Next, a method for testing a TDDB using the main test pattern 
circuit having N unit test pattern cells connected in parallel will be explained. 
[0037] As shown in Fig. 5, constant voltage Vforce is applied to each of the 
N unit test pattern cells through respective VFN from the constant voltage 
applying electrode 14. In this instance, the constant voltage Vforce is applied to 
the MOS capacitor 1 1 and the MOS transistor 12 in each unit test pattern cell 
simultaneously. Thereafter, each unit test pattern cell operates as the unit test 
pattern cell explained above regardless of operations of other cells. A TDDB 
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test operation of the main test pattern having N unit test pattern circuit cells 
proceeds by measuring times at each of which a sum of the drain currents from 
the N MOS transistors are reduced following a breakdown an the dielectric film 
of each MOS capacitor. That is, upon breakdown of arbitrary MOS capacitor of 
the N unit test pattern cells, the sum of the drain currents from entire MOS 
transistors is reduced. 

[0038] Fig. 6 illustrates a result expected change of the sum(Id(total)) of 
the drain currents along a time axis. As shown at times tl, t2, t3, — , tN at 
which the sum of the drain currents is reduced represents a Tbd of an arbitrary 
dielectric film in the MOS capacitor. The tN, representing a maximum time 
period tmax required for testing all the N unit test pattern cells, is the Tbd of 
the unit test pattern cell which takes the longest breakdown. 
[0039] The TDDB test pattern and the method for testing TDDBs of MOS 
capacitor dielectric films using the same have the following advantages. 
[0040] First, the time period required for testing all the N unit test pattern 
cells is a Tbd of the unit test pattern cell which takes the longest to breakdown. 
Therefore, in a case where numerous cells are involved, the time required for 
measuring the same can be reduced substantially. 

[0041] Second, the reduction of testing time reduces measuring cost. 
[0042] Third, from a statistical perspective, a substantially greater data 
can be obtained, which improves a precision of the measurement result in view 
of statistics. 
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[0043] It will be apparent to those skilled in the art that various 
modifications and variations can be made in the TDDB test pattern circuit and 
the method for testing TDDBs of MOS capacitor dielectric films using the same 
of the present invention without departing from the spirit or scope of the 
invention. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they come within the 
scope of the appended claims and their equivalents. 



